Yield and animal performance data from plantain/clover and resident ryegrass-based pastures were collected over several years from six properties on the East Coast of the North Island. This information was used in a FARMAX® model developed for a hypothetical farm based on data collected by the Beef + Lamb Economic Service. The hypothetical farm was 495 ha with 50 ha of flats used for silage and/or winter forage crop. The base model had a gross margin of $703/ha. The 50-ha flat block was modelled as if in a plantain rotation with two thirds in plantain and one third in annual ryegrass each year. The higher yields and better-quality feed on the plantain block improved animal performance and carcass weights. Early mating of one-year ewes for feeding on plantain provided a very high-returning enterprise. More ewes and lambs were killed early at heavier carcass weights with a premium before the onset of summer-dry conditions. This became a force multiplier across the entire farm as more feed was available for other stock and lamb carcass weights increased across the farm. Highest returns were generated by using the extra quality feed to increase ewe liveweights by 8 kg. Whilst ewe numbers had to be decreased, this was more than compensated for by the higher lambing percentage and greater number of lambs from mated hoggets. The combined effect was an increase in farm gross margin by around $200/ha and in farm returns of $100,000.
Introduction
Increasing frequency of droughts on East Coast North Island hill country has led to an interest in more robust farming systems. Often this means maximising farm production during times when moisture is not limiting (i.e. winter and spring) rather than extending feed production into dry conditions. Plantain (Plantago lanceolata) is an upright perennial herb, which combines well with erect clover species in pasture mixtures that can substantially out-yield ryegrass/clover pasture from winter to early summer in the east coast of the North Island (Macfarlane et al. 2014) . Plantain monocultures can lead to superior animal performance compared with ryegrass/clover (Moorhead et al. 2002 : Judson, 2009 Kemp et al. 2013) , and the combination of plantain with annual or perennial clovers has potential to markedly lift animal growth rates from what is achievable with ryegrass/clover.
To estimate the impacts of using plantain/clover mixtures on farm production and profit in the East Coast of the North Island, the early work of Macfarlane et al. (2014) comparing pasture and animal production on farms in the region was extended to collect a more comprehensive dataset covering more years, climates, topography and soil types. These data were used in a FARMAX® model developed to represent a typical summer-dry, hill-country farm. This paper reports the predicted animal production and profit of the 'base' farm system, and the same system incorporating plantain/clover mixtures under two stock management scenarios.
Materials and Methods
Dry matter yields and animal performance A brief description of the methods used in the on-farm component trials is presented below. More details on the general approach are available in Macfarlane et al. (2014) .
Dry matter yields (DMY) from plantain (cv 'Tonic') pastures were measured on 6 properties from Gisborne to Wairarapa across a number of years (2011) (2012) (2013) (2014) (2015) subterranean clover (T. subterraneum). Control pasture treatments consisted of resident pasture from a nearby paddock with a similar soil type and contour. At each site, between three and five areas were trimmed to 6 cm height and 0.50 m 2 cages placed on the trimmed areas to exclude stock both within the plantain and the resident pasture control sites. At 4-to 6-week intervals, the forage in each cage was cut to 6 cm and the cage shifted to a new site within the same paddock. The harvested pasture sample was weighed and a 200 g subsample dried at 80°C for 48 hours and the growth rate calculated from the amount of regrowth between cuts.
On-farm measurements of animal performance were carried out with lactating ewes where ewe and lamb performance on plantain/clover were compared with that on ryegrass-based pastures. Measurements were conducted at Tokoroa Farm (in 2015) and Wairakaia Station (2015), plus Tourere (central Hawke's Bay in 2013 and 2014 ), and Poukawa Research Station (central Hawke's Bay, in 2014 and 2016 . In all cases, small flocks of ewes (range n = 18 to 181) with lambs (mean 165% of ewe numbers) were set stocked on the control pasture or rotationally grazed on the adjacent plantain/clover pasture from lambing or docking until weaning (mean duration of measurement periods = 71 days). Exceptions to this general approach occurred at Poukawa in 2014 where ewes reared only single lambs, and at Tokoroa Farm where a further 106 ewes and 135 lambs were added (to the original 124 and 198) to the plantain/clover treatment for the final 27 days before weaning. Ewes and lambs were weighed at the beginning and end of each trial period. Ewe stocking rates during the measurement period were generally higher on the plantain/clover pasture than the control pasture reflecting the greater spring pasture growth rates on the former.
Development of the base model
The base model was developed using survey data collected by Beef + Lamb NZ's Economic Service from 18 summer-dry, hill-country farms. The model farm represents 975 Class 4 farms on the East Coast of the North Island. The 495-ha hypothetical farm is divided into three blocks. Fifty hectares is flat and used for silage and/or winter crop, while a further 178 ha is classed as easy rolling and 267 ha classed as hill country. Annual DMY of the three blocks is 9340, 9120 and 7410 kg DM/ha. Typically, of the 50 ha of flats, 8 ha is utilised for winter feed (kale: yield 10 t DM/ ha) followed by rape for summer feed (DMY 5 t/ha). A further 20 ha of flats are cut for silage, yielding a total of 54 tonnes DM. The kale and silage are allocated to the cattle enterprise in the base model.
The whole farm produces an average of 8240 kg DM/ Simulates a situation where the extra feed on the plantain block and the extra feed available post weaning across the whole farm enables an increase in ewe liveweights. In this scenario, ewe mating liveweights stabilise at 68 kg over time. This results in a higher lambing percentage but a reduction in ewe numbers to match the available winter feed supply. This scenario also enabled some hogget mating and the purchase of trade lambs in December.
Results and Discussion
Dry matter yields Across all six properties, plantain/clover pastures outyielded permanent ryegrass-based pastures in the first two years after establishment by 28% (27.7 t DM/ha vs 21.6 t DM/ha). At the higher rainfall Waitai Valley site, plantain/clover pastures produced an additional 11 t DM/ha over two years whereas at Tokoroa plantain/ clover pastures produced an additional 3.1 t DM/ha (Figure 1) . The advantage to plantain/clover pastures was 42% in Year 1 and 16% in Year 2. In Year 3, only two (Poporangi Farm and Te Mahanga Station) of the six plantain pastures remained and these produced 9% less DM than the control pastures.
Autumn sowing meant that average DMY was lower for plantain/clover in autumn of Year 1 and this was compounded by a dry autumn on two of the properties.
Otherwise, seasonal yields over the first two years consistently favoured plantain/clover pastures ( Figures  2 and 3) . Cranston et al. (2015) suggested that herb/ clover mixes including plantain have negligible winter growth in the Manawatu, yet in this study, average winter growth rates of plantain/clover were 30 kg DM/ ha/day. This winter growth is a key advantage in East Coast dryland where farm profitability is often dictated by the stocking rate that can be carried through the winter and by the stock that can be finished early to both decrease stocking rate before summer and to take advantage of seasonal premiums available for early slaughter of ewes and lambs.
Animal performance
Across all measurement sites, the performance of ewes and lambs was higher on plantain/clover pastures than on ryegrass-based pastures. When the results are summarised (Table 1) along with two trials from Canterbury (Judson 2009 ), ewes grazing plantain/ clover were 76.0 kg at weaning, whereas ewes off ryegrass-based pastures were only 67.6 kg. Lambs off plantain/clover pastures grew faster (341 vs 289 g/d; Table 2 ).
Ewes slaughtered directly off plantain/clover had an average DO of 45.1% compared with 41.5 for those off ryegrass-based pastures. The corresponding figures for lambs slaughtered directly off the ewes were 46.3% and 43.9%, respectively. The higher DO% for animals off plantain/clover pasture are due to lower levels of gut contents associated with the faster rumen transit times of high-quality feeds. The combination of better growth rates and a higher DO% provides a double-benefit in favour of plantain/clover. A hypothetical lamb with a birthweight of 4.9 kg growing on plantain/clover pasture at 341 g/d to 14 weeks of age and a DO of 46.3% would have a carcass weight at weaning of 17.7 kg. The same lamb growing at 289 g/d on ryegrassbased pasture and with a DO of 43.9% would have a carcass weight at weaning of 14.6 kg.
Modelling results Scenario 1:
The increased quantity and quality of feed grown on the plantain/clover rotation block enabled a predicted 590 one-year ewes and their lambs to be mated early and fed on plantain/clover during lactation. This, in turn, enabled the early weaning of these ewes (428 vs 0 in the base model). Of the 811 lambs reared on plantain/clover, the model predicted 87% (709) could be slaughtered at weaning at carcass weights of 18.6 kg. Early season premiums meant average lamb returns increased to $5.99/kg compared with $5.58/ kg in the base model. Ewe lambs were predicted to be heavier at weaning, enabling 305 of the 850 hoggets to be mated and produce an extra 186 lambs for slaughter. The predicted differences in feed supply allowed the purchase of an additional 110 lambs in April at 27 kg liveweight which were killed in July and August at a carcass weight of 20.7 kg. Overall, compared to the base model, predicted average carcass weights increased Table 1 Ewe weaning weights on plantain/clover and ryegrass-based pastures. Judson et al. (2009) . RG = Rotational grazing. SS = Set stocking from 16.1 kg to 18.6. kg and there were an additional 238 lambs slaughtered from hoggets and trade lambs. Early mating, better feeding and early weaning of the one-year ewes meant the cull ewes were slaughtered early at heavier carcass weights. Predicted cull ewe carcass weights were 30.7 kg (compared to 24.2 kg in the base model) and early-season premiums meant cull ewe returns increased to $3.26/kg (compared to $3.17/ kg in the base model). Total farm revenue increased from $515,492 in the base simulation to $607,630. Whilst variable costs increased from $347,916 to $421,906, there was an overall increase of $73,990 in the farm gross margin, equating to an additional $149/ ha across the whole farm (Table 3) . Scenario 2: The extra feed grown on the plantain/ clover rotation block resulted in predicted ewe mating liveweights of 68 kg compared with 60 kg in the base scenario. To accommodate this, ewe numbers were decreased from 2800 to 2600 to match winter feed supply. However, the heavier ewe mating weights resulted in an increased lambing percentage from 123% to 135% and, compared to the base model, the predicted total lambs produced on farm increased by 625 to 3852. Slightly fewer one-year ewes were fed on plantain/ clover (532 vs 590 in Scenario 1). Nevertheless, the model predicted that 94% of lambs (682/725) were drafted off plantain/clover at carcass weights of 18.7 kg. More lambs (402 vs 150 in Scenario 1) were also drafted off the heavier pasture fed ewes. Slightly fewer trade lambs (74) were purchased in April than in Scenario 1 and killed at the same carcass weight of 20.7 kg. As in Scenario 1, more and better-quality feed led to heavier lamb carcasses (18.5 kg overall) and more hoggets (440/850) could be mated. The combination of heavier ewes at mating lead to a higher lambing percentage, which together with hogget mating meant that compared to the base system, the model predicted there would be an additional 421 lambs for sale. Predicted overall carcass weights increased to 18.5 kg, up from 16.1 kg in the base model. Cull ewe carcass weights were 33.2 kg and early season premiums meant cull ewe value was $108.51 compared to $77.15 in the base model. Using plantain/clover to increase ewe liveweights gave the highest returns of the two scenarios that were simulated. Predicted gross farm revenue increased to $629,977 and variable expenses increased to $181,843. Overall farm gross margin was $100,218, equivalent to $905/ha or $202/ha more than in the base model.
Weaning

Conclusions
Even when used as a two-year crop, plantain/clover pastures and the high animal performance associated with them have the potential to be a game-changer in warmer, drier areas where temperatures permit strong winter and early spring growth of plantain and clover. However, sufficient areas must be planted to allow for an effective grazing rotation. Moreover, a higher level of management is required to monitor pests and diseases and to avoid over-grazing. There are also extra costs involved with plantain/clover pastures including a higher level of management input, more frequent stock shifts, more frequent pasture renovation and higher weed and pest control costs.
Incorporating a plantain/clover rotation into 10% of the model dryland farm generated higher yields of better-quality feed which enabled better predicted animal growth rates and heavier ewe and lamb carcass weights. Identification and early mating of one-year ewes which are subsequently fed on plantain/clover during lactation has the potential to generate high financial returns. Ewes increase in weight on plantain/ clover, have higher dressing out percentages, are killed at heavier carcass weights and are sold off the farm at a premium price before the onset of summer-dry conditions. This becomes a force multiplier across the rest of the farm because there is more feed available to other stock and lamb carcass weights increase across flock. Ewe lambs are heavier and this enables some hogget mating and lamb numbers increase further. Both plantain/clover scenarios generated higher predicted farm gross margins. However, using the extra quality feed to increase ewe liveweights from 60 to 68 kg resulted in the highest gross margins. Whilst ewe numbers were reduced, the higher lambing percentage and greater number of lambs produced from hoggets more than compensated for this. The combined effect was an increase in gross margin of around $200/ha or $100,000 for the enterprise.
It is worth noting that the production results and modelled returns have been achieved within climatic conditions which are winter-warm and summer-dry and which have enabled good winter and early spring growth rates of plantain and clover. These results cannot be extrapolated to wetter and colder areas.
Farmer observations:
At several of the on-farm measurement sites, plantain moth (Scopula rubriana) removed plantain in the second summer as the rapid life cycle of the moth means that caterpillar populations can build up rapidly when farmers are not vigilant. All farmers involved identified the need to utilise plantain/ clover pastures with their highest returning sheep enterprises, either hoggets with lambs at foot or ewes with multiples. Two of the farmers in this study identified their cull ewes at pregnancy scanning and then grazed plantain/clover pastures with cull ewes rearing multiple lambs. At weaning, typically 60% or more of these twin lambs were drafted for slaughter along with all the cull ewes. The plantain/clover pastures were then used for the finishing of remaining lambs. The heavier ewe and lamb weights were a strong contributor to profit and meant that many of the cull ewes were slaughtered well before the pressure comes on for killing space, thus helping de-stock before summer.
